Renal function was assessed in 40 children during the acute illness and after recovery from falciparum malaria. Creatinine clearance was significandy lower during the acute illness than after recovery. Six of 18 children with impaired creatinine clearance (<50 ml/min/1*73 m2) had evidence of acute tubular dysfunction. Hyponatraemia occurred in 12-5% during the acute phase. Fractional sodium excretion was raised in 27% during the acute illness and continuing sodium wastage occurred in 17% after recovery. Plasma potassium was significantly higher and fractional potassium excretion (FeK) significantly lower during the acute illness than after recovery. There was a positive correlation between FeNa and FeK both during and after recovery from the illness but they did not exactly mirror each other in every individual. Urine sodium:potassium ratios were similar during and after recovery from the illness and was related to FeNa. Fractional glucose excretion was zero. Mfild proteinuria occurred in 400/o during the acute illness but were not related to creatnine clearance, body temperature at presentation, or peripheral parasite density. Proteinuria was absent after recovery. Acute intrinsic renal impairment occurs during apparently 'uncomplicated' falciparum malaria in children. (Arch Dis Child 1996; 74: 293-298) 
Falciparum malaria is a major cause of morbidity and mortality in African children,1 2 and is frequently complicated by metabolic, respiratory, and cerebral involvement,3 4 but renal complications are less frequently documented. Assessment of renal function in acute malaria in Indian children has shown that endogenous creatinine clearance was reduced during the acute illness and returned to normal after recovery.5 There is little or no information on renal function in African children suffering from acute falciparum malaria.
The present study, a prospective investigation of renal fumction in African children with acute falciparum malaria, was designed to determine the effects of the disease on renal function.
Methods

PAT1ENTS
The study was part of a wider study of renal pathophysiological changes in falciparum malaria in children, ethical permission for which was given by the joint University of Ibadan/University College Hospital, Ibadan, ethics committee. A patient was recruited into the study if the following criteria were met: fever or a history of fever in the 24-48 h preceding presentation, other symptoms of malaria, pure Plasmodium falciparum parasitaemia, clear consciousness, absence of bronchopneumonia or other complicating illness, no previous history suggestive of renal disease, no history of antimalarial drug administration in the two weeks preceding presentation, and consent of parents or guardians.
PROCEDURES
Before enrolment into the study, all children had a thorough history taken followed by a detailed clinical examination. Thereafter oral or rectal temperature was taken, the weight was measured and a thick and thin blood film was obtained from a finger prick and Giemsa stained for parasitaemia quantification. Parasitaemia was quantified in thick films by counting parasites against white blood cells, and in thin films by counting 1000 red blood cells in clear contiguous fields and finding the proportion parasitised.
Each subject completely emptied the bladder and the voided urine was immediately tested for protein, blood, glucose, ketones, urobilinogen, bilirubin, nitrites, and pH using a dipstick (Multistix, Ames). Thereafter a creatinine clearance study was begun (0 h); urine was collected over 6 h (supervised) and blood was taken at 3 h for plasma electrolytes, urea, creatinine, uric acid, and glucose estimation. In order to promote urine flow, oral fluid was given at a rate of 5 ml/kg/h. At the end of 6 h the total urine volume was measured and the urinalysis repeated. A 10 ml aliquot was immediately stored frozen at -20°C until analysed for urine glucose, electrolytes, urea, uric acid, and creatinine. Glucose was estimated in undiluted urine, and plasma and an aqueous standard by a glucose oxidase photometric method on an Analox GM6 microstat analyser. The coefficient of variation at concentrations of 1-10 mmol/l was less than 1-5%. Plasma sodium and potassium were determined on a Hitachi 704 autoanalyser (Boehringer Mannheim). Urine sodium and potassium were determined with a Coming 410C Na+/K+ analyser (Ciba Corning). The coefficient of variation was less than 1% of all plasma sodium and potassium measurements and less than 1% of all urine sodium and potassium measurements over the concentration range of 5-200 mmol/l. Creatinine and urea were measured in plasma and urine with a Beckman creatinine analyser 2 and a Beckman BUN analyser 2 respectively. The coefficient of variation was less than 1 2%.
Each patient was treated with intramuscular artemether 3-2 mg/kg body weight at presentation (0 h) followed by 1 6 mg/kg body weight daily for the next 4 d (days 1-4). All the children were personally treated by the author. Each patient was seen daily for eight days (days 0-7) and then on day 14. At each visit, each parent or guardian (and where possible, the child) was questioned regarding wellbeing and adverse drug reaction, and a physical examination was again performed. Thick and thin blood films for parasitaemia quantification were also examined at each visit.
On day 7, when parasitaemia, fever, and other symptoms of malaria had cleared completely, a repeat creatinine clearance study was done (as described during the acute illness).
The parasite clearance time was defined as the time from drug administration until there was no evident parasitaemia for at least 48 h. The fever clearance time was defined as the time from drug administration until the core temperature fell to or below 37 2°C and remained so for at least 48 h. Body surface area was determined from a standard nomogram6 using height and weight. Creatinine clearance and fractional sodium and potassium excretion were calculated from standard equations. Plasma creatinine was raised (>81 pumoIl) in six of 40 (15%) children during the acute illness and was normal in all but one (91 pumo1/l) after recovery. Figure 1 shows the creatinine clearance values during the acute illness and after recovery from the illness. Creatinine clearance was lower during the acute illness than after recovery [63-9 (49.3) v 93.3 (44 8) ml/min/1 73 m2, df=38, t=6-33, p<0001; 95% confidence interval (95% CI) for the difference, 19X3 to 36-6]. Creatinine clearance was impaired (<50 ml/min/ I.73 m2) in 18 of 40 children (45%) and returned to normal after recovery in all but three. The other indices of renal function in children with impaired creatinine clearance during the acute illness are shown in table 2. Four of the children had features of incipient polyuric acute tubular dysfunction and another two of incipient acute anuric tubular dysfunction, associated with hyperkalaemia of 5-6 and 6 1 umolIl. Other indices of renal function were normal in the remaining 12 children with impaired creatinine clearance. Proteinuria (mild, 10-100 mg/dl) occurred in eight patients with impaired creatinine clearance and in eight with normal creatinine clearance. There was no significant difference in the proportion of children with proteinuria in the two groups (X2=0*305, p>02). There was no correlation between peripheral parasite density and creatinine clearance during the acute illness (r=0 14, t=0 123, p>0 2). Creatinine clearance during the acute illness, however, correlated with that predicted by the formula The clinical criteria for the diagnosis of SIADH adopted in the present study were: normal creatinine clearance (>80 ml/min/1 73 M2)' Fractional sodium excretion (%) Figure 3 Relation between urine sodium:potassium ratio andfractional sodium excretion after recovery from malaria in children. In the present series, creatinine clearance, as IV L a measure of glomerular filtration rate (GFR), was reduced during the acute illness and was severely impaired in 45% of the children. Except in a few, it returned to normal in all patients. This finding is in agreement with that of a previous study in Indian children.5 Urine composition analyses in children with impaired creatinine clearance revealed that incipient acute polyuric or anuric renal tubular dysfunction occurred in four and two children respectively during the acute illness. In the latter children, hyperkalaemia occurred. It would appear that untreated, these children could have progressed to frank acute renal failure (which again may not be readily apparent to the clinician). Thus impaired renal function is not as uncommon as was previously thought in African children with falciparum malaria. Hypotension, shock or haemoglobinuria would not adequately explain the impaired renal function in these children, although in untreated children, these may be contributory factors in the late stages. It is possible that parasite sequestration in the renal vascular (microvascular) bed may account for these changes, as hyperparasitaemia (>5% parasitised erythrocytesl2) occurred in 37'5% of the children. However, the absence of a significant correlation between peripheral parasite density and creatinine clearance during the acute illness suggests that peripheral parasite density or the sequestered parasites in the internal organs may not be the sole determining factor. Moreover, peripheral parasite density is not indicative of total body parasite load in any infected individual. During the acute illness, plasma sodium was significantly lower than after recovery; hyponatraemia occurred in 12-5% of the children during the acute phase and was unrelated to peripheral parasite density. Hyponatraemia is not uncommon in falciparum malaria in children (Newton C R J C, Marsh K, unpublished) and has been reported in malaria in adults.'3 The lack of a relation between parasite density and plasma sodium in the present report contrasts sharply with the findings of Miller et all3 in adults in which there was an association between hyponatraemia and severity of parasitaemia.
Fractional sodium excretion in the children showed four distinct patterns. In the majority of the children (52%), this was normal throughout the period of observation. However, 27% had increased fractional sodium excretion during the acute illness, which returned to normal after recovery. A small proportion (8%) had raised fractional sodium excretion during the acute illness with further increase after recovery. Finally, 13% of the children with normal fractional sodium excretion during the acute illness had a further increase at recovery. The features of the last two groups would suggest continuing renal tubular dysfunction despite recovery from the acute illness. Such renal dysfunction with or without normal creatinine clearance has been observed in children with cerebral malaria (paper in preparation).
The cause of the hyponatraemia in malaria in the present study is multifactorial. Plasma potassium was higher during the acute illness than after recovery, and hyperkalaemia occurred in 5% of the children in this series in association with other evidence of acute tubular dysfunction. It was, however, not associated with other symptoms and signs of hyperkalaemia. Although hyperkalaemia may be asymptomatic, it may cause sudden cardiac arrest and death. It is therefore not surprising that sudden death may occur in children with apparently 'uncomplicated' falciparum malaria. The higher fractional potassium excretion after recovery would suggest a compensating effect of renal tubules in clearing the 'excess' plasma potassium associated with the acute illness. This view is supported by the findings of a recent study of potassium excretion in sick neonates '5 which showed that a fractional potassium excretion as high as 98% of filtered potassium was associated with hyperkalaemia. Alternatively, potassium wastage resulting from failure of tubular reabsorption (akin to sodium wastage above) may be responsible. This is possible since there is a relation between fractional sodium excretion and fractional potassium excretion during the acute illness. However, fractional sodium excretion and fractional potassium excretion did not exactly mirror each other in every individual child studied.
Neither hypoglycaemia nor hyperglycaemia were observed in the present series and no glucose was detected in the urine during acute illness or after recovery. Thus no significant glucose spillage occurred during the observation period. Glucose reabsorption in the proximal tubule depends on the Na/K-ATPase. Therefore in the present series, glucose conservation did not parallel fractional sodium excretion. The reasons are unclear, but may be due to a differential effect of the malaria process on the reabsorption of both substances. The not infrequent occurrence of hypoglycaemia in malaria16 17 may mean that plasma glucose concentration may never increase above the threshold for saturation of the tubular transport mechanism, since glycosuria occurs only when the threshold is reached.18 The absence of significant glycosuria in malaria would suggest that polyuric acute tubular dysfunction that may complicate falciparum malaria cannot be attributed to the osmotic diuresis of glycosuria.
Proteinuria during the acute illness was mild and unrelated to the creatinine clearance. Proteinuria is not uncommon in febrile illnesses in children. However, it was not related to the body temperature during the acute illness. It may be that fever has an all or none effect on protein excretion in malaria or that a single temperature measurement does not accurately reflect the relation to proteinuria.
The evaluation of renal function in falciparum malaria in children should form an important part of the assessment of many acutely ill children with this disease. This is because of the wide variety of types of acute onset renal dysfunction that may attend this disease. In addition, it may facilitate safer prescribing of fluids, electrolytes, and drugs. The tendency to hyponatraemia in 13% of the patients and the hyperkalaemia that may attend acute tubular dysfunction during the acute illness illustrate this point. Although most commonly used antimalarials (with the possible exception of quinine'9) are nonnephrotoxic, it is possible that adverse reactions to antimalarials may be increased in children with acute renal dysfunction.
The use of parenteral artemether in this series of children requires some justification. Artemether is not normally recommended for children without cerebral or complicated malaria. However, the rapid clearance of ring infected erythrocytes by this drug20 21 (and in the present study) reduces the chances of complicated malaria and therefore hastens recovery. Thus the postrecovery studies were quickly accomplished, minimising the default rate. 
